Purpose To evaluate the efficacy of topical autologous serum application to stop aqueous oozing or point-leak through filtering bleb after trabeculectomy. Patients and Methods A total of 21 consecutive eyes with oozing and 21 eyes with a point-leak through a functional bleb after trabeculectomy with 5-fluorouracil or mitomycin C were enrolled in this randomized, case-control study. In eyes randomly assigned to the serum group, an antibiotic and the autologous serum, which was sterilely diluted to 20% with physiological saline, were topically applied four times a day for up to 12 weeks. In eyes assigned to the control group, the antibiotic alone was applied according to the same protocol. Intraocular pressure (IOP) and the presence of oozing or a point-leak were tested before and every 2 weeks after starting the treatments. Results In the serum and control groups, oozing stopped in 62.5 and 0% of eyes, respectively (P ¼ 0.003), and point-leaks stopped in 27.3 and 18.2%, respectively (P40.9). IOP significantly increased from 10.073.2 (mean7standard deviation) to 11.873.3 mmHg in eyes in which oozing stopped (P ¼ 0.066), and from 11.472.7 to 15.472.3 mmHg in eyes in which a point-leak stopped (P ¼ 0.042). Conclusions Autologous serum application was significantly effective to stop aqueous oozing but not point-leaks. Stopping oozing or point-leaks was significantly associated with an increase in IOP.
Introduction
The introduction of antimetabolic agents such as 5-fluorouracil (5-FU) or mitomycin C (MMC) has improved the success rate of controlling intraocular pressure (IOP) after trabeculectomy. [1] [2] [3] [4] [5] [6] However, because avascular blebs with thin walls are more commonly obtained after trabeculectomy with antimetabolites, [7] [8] [9] [10] blebrelated complications, such as hypotony due to a bleb leak, blebitis, and endophthalmitis, are increasing. [11] [12] [13] [14] [15] Aqueous leakage from filtering blebs is not a rare condition after trabeculectomy with antimetabolites. 1, 2, 4, [10] [11] [12] 14, 16, 17 Previous studies revealed the prevalence of aqueous leakage as 1.4% after trabeculectomy with 5-FU 17 and 3.7% with MMC, 17 and the probability of aqueous leakage estimated with the life-table method was 4.2% at 6 years after surgery with 5-FU. 18 There are two types of aqueous leakage: pointleaks and oozing: The former is leakage with a visible aqueous stream from a leak point, and the latter is transconjunctival aqueous egress without a focal leak point. 10 We recently reported that the prevalence of point-leaks was 1.4% with 5-FU and 2.3% with MMC, and that of oozing was 13.8% with 5-FU and 10.9% with MMC. 10 Both are possible risk factors for blebrelated complications because oozing often indicates hyperpermeability and/or vulnerability of the bleb wall. [7] [8] [9] [10] 19 Several methods for repairing point-leaks have been reported, such as surgical repair, and using tissue glue or fibrin. [28] [29] [30] There is no established method, however, to treat oozing. Serum contains various cytokines or chemical mediators, such as vitamin A, epidermal growth factor, and transforming growth factor-b. [31] [32] [33] Topical application of autologous serum is reported to be useful in the treatment of corneal diseases, such as severe dry eye, 32 persistent corneal epithelial defect, 31 and superior limbic keratoconjunctivitis. 33 Although the effects of serum on the conjunctiva have not been fully studied, vitamin A and epidermal growth factor are reported to have roles in maintaining the normal histology of the conjunctiva. [34] [35] [36] In the current study, the therapeutic efficacy of the topical application of autologous serum to treat aqueous leakage, including oozing and point-leaks, was prospectively evaluated in glaucoma patients who had undergone trabeculectomy with antimetabolites.
Patients and methods
In consecutive patients who had a history of trabeculectomy with 5-FU or MMC and had a functioning bleb, the presence of point-leaks or oozing of aqueous through the bleb was tested as follows, in the outpatient clinic of the Department of Ophthalmology, University of Tokyo Graduate School of Medicine (Tokyo, Japan), from February 2000 to December 2000. A moistened sterile fluorescein strip was gently applied to the bleb surface and the presence of a spontaneous visible aqueous stream from a leak point (point-leak) was initially tested under cobalt blue slitlamp illumination. If no point-leak was found, the slitlamp observation was continued for 15 s to find oozing, which was identified as aqueous egress without apparent interruption of the conjunctival tissue or an aqueous stream on the bleb wall. 10 In patients in whom point-leaks or oozing were found, the purpose of the study was explained and the advantage and disadvantage of treatment were discussed. In patients who gave a written informed consent, each eye was randomly assigned into the treatment group (serum group) or control group. In patients in the serum group, 40 ml of blood was obtained from the antebrachial vein and centrifuged for 5 min at 1500 r.p.m. According to the methods of Tsubota et al, [31] [32] [33] the serum was sterilely separated and diluted with physiological saline to a 20% concentration; the 20% serum solution was aliquoted into 5 ml bottles with ultraviolet light-filtering walls, since vitamin A is easily degraded by light, and patients were instructed to keep the bottles in a dark and cool place, such as a refrigerator, and to stock the rest of the bottles in a freezer until required. Both the 20% serum solution and an antibiotic (0.3% ofloxacin, Tarivid TM , Santen Pharmaceutical Co. Ltd, Osaka, Japan) were topically applied with a 5-min interval into the eyes with point-leaks or oozing four times a day. In eyes of the control group, the antibiotic alone was topically applied four times a day.
The patients were instructed to visit the outpatient clinic every 2 weeks, and a slitlamp examination was performed with testing for point-leaks or oozing at every visit by a clinician masked to the treatment. If a pointleak or oozing was not found at two consecutive visits, the treatment protocol was discontinued, but the observation was continued every 2 weeks for the at least 8 weeks to check for the recurrence of oozing or pointleaks. If point-leaks or oozing did not stop, the protocol of treatment and observation was continued for 12 weeks. IOP was measured with an applanation tonometer at every visit. None of the eyes required intervention for signs of infection (blebitis or endophthalmitis) or problems relating to hypotony (hypotony maculopathy, shallow anterior chamber, etc). The study adhered to the tenets of the Declaration of Helsinki and the research protocol was approved by an Institutional Review Board.
Results
Oozing was found in 21 eyes of 21 patients and a pointleak in another 21 eyes of 21 patients. There was no patient who had oozing and/or a point-leak in both eyes. Eight and 13 of the 21 eyes with oozing, and 11 and 10 of the 21 eyes with point-leaks, were assigned to the serum and control groups, respectively. Table 1 summarizes the patients' demographics; there was no significant difference between the serum and control groups (P40.1, w 2 , Fisher exact, or Mann-Whitney tests). Of the 21 eyes with oozing, the oozing stopped in five of eight eyes (62.5%) in the serum group and none of 13 eyes (0%) in the control group, a statistically significant difference (P ¼ 0.003, Fisher exact test). Of the 21 eyes with point-leaks, the point-leak stopped in three of 11 eyes (27.3%) in the serum group and two of 11 (18.2%) eyes in the control group, which was not significantly different (P40.9). The proportion in whom oozing stopped was not statistically significantly higher than the proportion in whom point-leaks stopped in the serum group (62.5 vs 27.3%) and in the control group (27.3 vs 18.2%), respectively (P ¼ 0.144, 0.178). In the current study, no case of recurrence of oozing or point-leak was observed at least 6 months after the determination of the stoppage of oozing or point-leak.
The changes in IOP associated with treatment in the eyes with oozing and point-leaks are shown in Tables 2  and 3 , respectively. IOP before the treatment was IOP when oozing or point-leak was initially found. IOP Mean7standard deviation. N ¼ number of eyes. P-value (pre vs post) ¼ P-value regarding the difference between before and after the treatment (Wilcoxon signed rank test). P-value (oozing stopped vs continued) ¼ P-value regarding the difference between eyes of which oozing stopped and those of which oozing continued (Mann-Whitney test). *Significant difference (Po0.05).
Topical serum application for bleb leak H Matsuo et al groups were separately analysed, similar tendencies were obtained (Table 3) .
Discussion
This prospective study revealed that the topical application of autologous serum is significantly effective for stopping aqueous oozing, but not for curing pointleaks in eyes after trabeculectomy with 5-FU or MMC. The IOP significantly increased in eyes in which aqueous leakage including oozing and point-leak stopped, regardless of the treatments. No other complication was observed during autologous serum treatment. Aqueous leakage through a filtering bleb is thought to be associated with several postoperative complications, including endophthalmitis. [11] [12] [13] [14] [15] In most of the previous reports, aqueous leakage was tested with the Seidel test to find point-leaks, but oozing was usually not reported. Our recent study, however, revealed that oozing is much more frequent than point-leaks. 10 Since the development of blebitis or endophthalmitis is not so frequent after trabeculectomy, it should be difficult to precisely determine the relative risks of oozing on these complications. According to Susanna et al, 19 however, point-leaks could be induced with digital massage on the upper lid in 15 of 47 eyes with filtering blebs that initially showed the negative Seidel test, and the induced pointleak was much more frequently observed in eyes with a transparent, avascular bleb, suggesting that oozing, which usually occurred in blebs with avascular walls, 10 may easily develop point-leaks. Moreover, as Lehmann et al. 37 suggested, the physical barrier function against bacteria should be impaired in the thin and avascular bleb wall, with denuded epithelium, and in the underlying full thickness stromal damage. 7 Thus, eyes with oozing should have potential risks of developing point-leak-and bleb-related infections, and a method to treat oozing should be of clinical importance.
Eyes with bleb leaks generally show lower IOP than those without it. In our previous study, 10 IOPs were 11.973.9, 9.873.2, and 9.172.2 mmHg (mean7standard deviation) in eyes without oozing or point-leaks, those with oozing, and those with point-leaks, respectively, and the intergroup difference was significant (Po0.001, Kruskal-Wallis test). Therefore, with a view to IOP control, bleb leaks may not be necessarily an adverse condition. In the current study, the IOP increased from 10.073.2 to 11.873.3 mmHg (P ¼ 0.066) in eyes in which oozing stopped, and from 11.472.7 to 15.472.3 mmHg (P ¼ 0.042) in eyes in which point-leaks stopped, while IOP decreased or did not change in eyes in which oozing or point-leaks continued. These results suggest that not only point-leaks but also oozing is associated with keeping IOP lower. Thus, an attempt to stop oozing may not be indicated in eyes in which the target IOP is low, although continuing careful observation is necessary. Conversely, an eye with oozing and consistent low IOP may be a good indication for autologous serum application.
According to Tsubota et al, [31] [32] [33] autologous serum prepared in the same manner as in the current study includes vitamin A, epidermal growth factor, and transforming factor-b1. They also reported that the migration speed of a confluent sheet of human corneal epithelial cells was significantly higher in medium containing 20% serum than in that without it. 31 Although Mean7standard deviation. N ¼ number of eyes. P-value (pre vs post) ¼ P-value regarding the difference between before and after the treatment (Wilcoxon signed rank test). P-value (leak stopped vs continued) ¼ P-value regarding the difference between eyes in which a point-leak stopped and those in which a point-leak continued (Mann-Whitney test). *Significant difference (Po0.05).
Topical serum application for bleb leak H Matsuo et al the influence of cytokines or other chemical mediators in serum on the conjunctiva is not so clear as that on the corneal tissues, several studies suggest that deficiency of vitamin A caused abnormal histology in the conjunctiva, such as decreased goblet cells and increased cellular stratification. 34, 35 Also, another study found epidermal growth factor in the conjunctiva and tears of rats, but not in the cornea and aqueous humor. 36 Doyle et al 38 suggested that peribleb injection of transforming growth factor-b contributes to healing bleb leaks created by stab incision of the bleb in rabbits. The current result that autologous serum application was significantly effective in stopping aqueous oozing also suggests that these substances may have beneficial effects on treating hyperpermeability of thin and avascular bleb walls, in which an irregular cell arrangement of the epithelial layer and a damaged basement membrane exist.
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The 20% serum application, however, is not thought to be effective enough to close a leaking micro-hole responsible for a point-leak on the bleb wall.
The topical application used in the current study was formulated from the patient's own serum in a sterile manner, and was kept in a dark and cool place, such as a freezer and a refrigerator. The concentrations of vitamin A, epidermal growth factor, and transforming growth factor-b1 in 20% serum are reported to be stably maintained for 1 month in a refrigerator or 3 months in a freezer. 31 Although contamination of the serum solution was not assessed in the current study, a previous report found no bacterial or fungal positive cultures from the remaining serum prepared as in the current study and used in 12 cases with dry eyes in Sjö gren's syndrome. 32 No eye participating in the current study developed infectious complications, such as conjunctivitis, blepharitis, blebitis, and an endophthalmitis during or after the current study. In the current study, although the recurrence of oozing was not seen during at least 6 months follow-up in eyes in which oozing was initially stopped with or without the treatment, it is still unclear whether the effect of autologous serum application on curing oozing is long-lasting or not. Therefore, the cost (or effort) effectiveness of this regimen should not be concluded here, and deserves further clinical studies with longer follow-up periods.
In conclusion, autologous serum application was significantly effective in stopping aqueous oozing but not point-leaks after trabeculectomy with 5-FU or MMC. Stopping oozing is expected to reduce the risk of future bleb-related complications, such as hypotony, hypotony maculopathy, blebitis, and endophthalmitis. However, it also has the possibility of aggravating IOP control at least in a part of cases. An eye concurrently having oozing and hypotony or a fairly low IOP is in our view an indication for treatment with autologous serum application. If an eye without low IOP has oozing, careful observation of the bleb should be advocated rather than instantly starting the autologous serum application.
